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Adult pig skin was stripped of its horny layer by 
cellophane tape. At intervals over the n ext 4 days ex-
plant cultures were prepared from such areas. Growth 
displayed an initial rapid and secondary slower phase. 
Pla ting of explants immediately following the stripping 
gave rise to a n increased rate of migration of cells from 
the explants during the first growth phase but a de-
crea sed second or proliferative growth phase. This w as 
not present when plating was delayed 1 to 4 days after 
stripping. The growth fraction in cells of the stripped 
skin explant cultures was similar to that of unstripped 
controls. The diminished growth rate of the cells was 
due to prolongation of the mean cell cycle time. Thus, 
the hyperproliferative state induced in vivo after strip-
ping did not maintain itself when transferred in vitro. 
This r esult is of importance concerning animal models 
for p soriasis and the influence a transfer to in vitro 
conditions may have on the hyperproliferative psoriatic 
epidermis. 
The in vitro culture of epidermal cells h as been h ampered by 
problem s of t h eir growth requirem ents and the difficulties in 
propa gating a progeny through subcultures. R ecent a dvances 
have e lucida ted some of these problem s [1-7]. On the other 
hand, explant cultures of epidermal cells has been u sed to 
overcome some of the problems inher ent in a pure keratinocyte 
growth [8]. In this case the epidermis grows down over t h e 
dermal substrate, atta ches to the plastic dish or coverslip and 
grows out as a pure epidermal kerat inocyte sheet. The growth 
characteristics of explant cultures from human , mouse, 
and guinea pig soW'ces have been discussed in th e literature 
[8-13]. R ecently we summarized t h e growt h r equirem ents, cell 
outgrowt h and cell cycle param eters in pig skin explant cultures 
[14J. 
M ainly the explant culture has been used as an experimental 
model t o s tudy the effects of biochemical a nd pharma cological 
compounds on growth and on cell kinetics [15-17]. In these 
studies normal huma n skin was used in relation to psoriasis a nd 
again the need for experimental models of the disease psoriasis 
was appar ent. One way to overcome the lack of a psoriatic 
animal skin is t o induce epidermal hyperplasia by injury of the 
skin, e.g., by cellophane tape s tripping of the horny layer [18], 
or after induction by ch emicals such as hexad ecan e and vitamin 
A acid applied topically [19]. This r eport summarized oW' 
findings on s tripped pig skin. A note is also given on how to 
estimate migration and proliferation of the keratinocytes in this 
culture system. 
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MATERIALS AND METHODS 
Domestic pigs 5-8 weeks old weighing 5-10 kg anesthetized by 
intraperitoneal injection of ca 25 mg/kg pentobarbital sodium solution 
(Nembutal). The dorsal skin was shaved, gently brushed with water 
and soap, and washed with large amounts of sterile water or physiolog-
ical saline. Successive horny layers were removed by repeated appli-
cation of Scotch tape until a glistening strip of about 3 x 10 cm on the 
dorsal aspect of the pig became evident. The area was soaked with 
sterile saline. Slices, 0.3-mm thick, were taken wi th a Castroviejo 
dermatome (Storz Instrument Co. St. Louis, Missouri) and immediately 
transferred and submerged in to sterile incubation medium and put into 
an incubator at 37°C with 5% CO, and 95% air (Hotpack Co., P hiladel-
phia, Pennsylvania). In some experiments the stripping was performed 
1 to 4 days in advance to cutting the dermatome slices. 
Dissection and Plating 
A square cm piece was cut fyom the dermatome slice obtained and 
this was cut further into squares with sides of 0.5- 2 mm. The material 
was kept wet by incubation medium throughout dissection. Only spec-
imens with clean cuts were used. They were placed dermal side down 
on sterile cover slips in Faclon dishes, diameter 35 mm. T en to 20 
dishes were prepared within 3- 6 min and allowed to stand in the open 
to let the fluid vanish by evaporation before 2 ml of incubation medium 
per dish was introduced. A single experiment contained between 
100-200 dishes. 
Incubation M edium 
RMPI 1640 generally wi th 10% fetal calf serum (in some experiments: 
1%,3%, or 50%), penicillin (100 U/ ml) , streptomycin (100 J,Lg/ ml) an d 
amphotericin B (Fungizone, 0.25 /lg/ml) from Gibco (Grand Island, 
N.Y. No. 320-1875, 200-6290, 600-5070, 600-5290 or 600-5340) were used. 
Within the incubator the medium kept a pH close to 7.60. The medium 
was not changed during the period of study [14]. 
Kinetic S tudies 
Colchicine (No. 234115 Calbiochem. San Diego, California) 0.075 J,Lg/ 
ml was used after preliminary studies to determine the optimal concen-
tration needed to arrest cells in mitosis. 3H-thymidine (spec. act. 6.7 
Ci/mmol, 1 J,LCi/ml, New England Nuclear , Boston, Mass. ) was used 
for autoradiography, final concentration 0.15 /lM in short-term labeling 
and 0.5 J,LCi/ml, 0.075 J,LM for labeling 2- 3 days. The cultures were fixed 
in absolute ethanol, rinsed in saline and processed through dipping in 
Kodak NTB-3 emulsion, exposure in the dark for 2- 3 weeks, developed 
and finally strained in H & E. 
Readings and Calculation 
The living cultures were read at room temperature in a Nikkon 
inverted phase contrast microscope at 100 X. The cultures were outside 
the incubator less than 5 min during the readings. A shift of the pH 
towards 7.9 was recorded at this time which did not seem to embarrass 
growth. The maximal radius of the leading edge (R) was measUJ'ed 
perpendicular to the margin of the explant. In earlier experiments [14) 
the number of cells (n) excluding cells with signs of pyknosis and 
keratinization were shown to fo llow the following expressions 
In n = - 5.97 + 2.78 In R - 0.10 (In R)2 or 
In n = - 5.23 + 2.74 In R - 0.09 (In R)2 
depending, respectively, on larger (4.000-7.000 /lm) or lesser 
(2.000- 4.000 J,Lm) lengths of the explant circumference used in the 
particular experiments. 
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The calculated logarithm of cell total was averaged for the cul tures 
at each reading. The linear portion of the flTst rap id and the second 
slower growth phase were analysed by linear regressions of the obtained 
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means of the logarithms of cell numbers. The slopes k, and k2 of the 2 
phases represent growth rates given as the increase in the logarithm of 
cell total per day. 
Readings of fixed and stained labeled cell sheets included all cells of 
the outgrowth done at 100-1.000 X magnification to obtain total labeled 
cell number, labeled mitoses, total number of mitotic cells and total 
sheet area. The area in sq /lm was multiplied by the factor 10.26 X 10-" 
to get total cell number as found in em'lier experiments [14]. 
RESULTS 
When plotted as the increase in the natW"allogarithm of the 
number of cells in each cultW"e versus day of outgrowth cultW"e, 
all cultW"es show 2 growth phases-a rapid phase for the flrst 
3 to 4 days followed by a slower phase. The initial rapid phase 
is due to migration plus proliferation while the slower phase is 
due to proliferation alone (see below) . 
Outgrowth dW"ing the initial phase was more rapid from skin 
which had been stripped immediately before making the cul-
tures (DO) regardless of the serum concentration (Fig 1). This 
was not true of the second proliferative phase which was 
actually slowed down by the procedW"e. 
Using one particular serum concentration outgrowth again 
was more rapid dW"ing the initial phase when cultW"es were 
taken immediately after stripping, (DO) however this was not 
true of cultures taken on Days 1, 2, 3 or 4 after stripping (Fig 
Inn 
9.0 
8 .0 
7.0 
6.0 
o 
5 10 days 
FIG 1. Growth immediately after stripping (DO) in different serum 
concentrations. 1% (20 cultures), 5% (21 cultures), 10% (18 cultures). 
The logarithm of the number of celIs in the cultures (calculated from 
the outgrowth size) is plotted on the vertical axis against the number 
of days in culture. 
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FIG 2. Growth in culture of skin explants obtained immediately 
after stripping (DO) or 1 to 4 days after stripping (Dl, D2, D3, D4). C 
= control, nonstripped. Serum concentration = 5%. 10 cultures were 
measured for each line. 
2). They enlarged at a rate which was comparable to the 
control. The growth rate of the second phase of growth in these 
cultW"es taken on Days 1, 2, 3, and 4 fell between the control 
and the Day 0 slower growth. The stripped area was edematous 
on the first day after stripping. It became scaly but still red 
during the following 2 days and was almost healed with scaly 
spots on the 4th day after stripping. 
Experiments done in 10% serum immediately after stripping 
are shown in Fig 3. Two growth phases were present. The 
stripped skin gave rise to an initial rapid growth rate as com-
pared to that of nonstripped skin leading to significant differ-
ences in the logarithm of cell numbers as indicated in Fig 3. 
These cultW"es were analyzed in detail (Table I). 
Cellular Kinetics 
The growth of cultw'es used in these experiments are sum-
marized in Fig 3 based on 12 cultures in NJ, 35 in SJ, 81 in N2, 
13 in N3 and 66 in Sa. 
The Cell Cycle Time (tc) 
This was calculated using growth rate and growth fraction. 
The growth rate was taken either as the slope of the growth 
curve (Fig 3) or by measW"ement of the rate of cells entering 
into mitosis dW"ing a blockade by colchicine. Growth fractions 
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FIG 3. Epidermal outgrowth from pig skin explants cultured in 10% 
fetal calf serum. The labels refer to Table II. Part of the cultul'es were 
obtained from skin which immediately before dermatome cutting had 
been stripped with a cellophane tape to remove the horny layers (S). 
N refers to nonstripped controls. Subscripts indicate different experi-
ments. Means are indicated together with standard deviations at some 
points. In the first experiment the means of S I and N I were different on 
day 4 (p < 0.01). In the third experiment the means of S" and N3 on 
days 3 through 8 were all different (p < 0.001), when tested by t-tests. 
TABLE I. Growth rates of I.he first (h,) an.d secon.d (11. 2) growth phase 
in explant cultures of pig shin" 
Number of cultures Growth phase 
Experi- First Second ment Control Stripped 
Control Stripped Control Stripped 
1 8 12 0.55 0.64 0.13 0.10 
2 10 11 0.65 0.98 0.18 0.10 
3 13 66 0.86 1.07 0.25 0.19 
4 12 10 0.31 0.64 0.21 0.13 
5 7 10 0.93 0.81 0.22 0.18 
6 12 35 0.83 0.98 0.22'1 0.16" 
Average (%) 100" 124 29 20 
Coefficient of variation (%) 34 21 23 30 
" Cellophane tape stripping was performed immediately prior to the 
cutting of the skin. Rates are calcula ted from mean values obtained 
from number of cultures indicated and given as the increase in the 
natural logarithm of cell number per day. . 
"Weighed growth rates obtained from the set of values given in the 
table. 
"Mean value of controls fixed at 100%. The other values of the means 
are given in percent of this control value. 
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TABLE II. Summary of hinetic studies in explant cultures of 
nonstripped (N) and stripped shin (S)" 
Numbers of Incubating time Number of counted cells Labeling index with "H-thymi-cultlll'es dine Total Labeled (mean ± SEM) 
Experiment A 
N,-1 48 52 36 69.3 
-1 24 1052 344 32.7 
-6 1 3670 224 5.9 ± 1.4 
8,-2 48 2481 827 33.6 
-18 1 17816 1435 8.4 ± 0.7 
Experiment B 
N2-11 72 44702 20276 47.9 ± 2.5 
-38 1 147578 18306 13.2 ± 0.8 
Experiment C 
N,,-12 69 56089 25237 43.8 ± 2.5 
S,,-12 69 95261 43862 45.2 ± 2.1 
-18 1 116259 17123 14.8 ± 0.9 
" The cellophane tape stripping was performed until glistening just 
prior to the dermatome cutting and the plating of the explants. Exper-
iment A was terminated at day 4 of the incubation covering the fu'st 
growth phase. Growth rates of their second growth phase was weighed 
and indicated in Table I, experiment No.6. Experiment B was termi-
nated on day 7. The growth rate of the second phase was 0.14. Experi-
ment C was terminated on day 7 for the short labelled cultures and on 
day 8 for the long labelled cultures. The growth rates are indicated in 
Table I, experiment No.3. The media were RMPI 1640 with 10% fetal 
calf serum supplemented with antibiotics and amphotericin B. 
are given in Table II as labeling indices after OR-thymidine 
incubation for up to 3 days. In experiments Band C, Table II, 
growth fractions were near 0.45 in both nonstripped and 
stripped explant culturef., as obtained for the second growth 
phase. 
In the control experiment B (N2) the cell cycle time was 67 
hr by calculation from the graph (24 x In 1.479 -;- 0.14) and 64 
h1' by calculation from entry into mitosis (In 1.479 -;- In 1.00609) 
where the growth fraction is 0.479, growth rate 0.14 and 0.609% 
cells per hr were accumulated in mitotic arrest. 
In the stripped skin material of experiment C (8,,) the cell 
cycle tin1e was 47 hr obtained by measuring growth rate taken 
from the graph (24 x In 1.452 -;- 0.19). It was 34 h1' if the 
colchicine arrested mitosis of Table II in the interval 2 to 4 hI' 
was used (In 1.452 -7- In l.01l). However, a zero time value of 
the mitotic index was not obtained in that material. In group 
N 3 the cell cycle time was 35 hI' using growth rate taken from 
the graph. 
Table IV provides an approach to measw'e the growth pru-am-
eters in experiment A by weighing unknown values from other 
but corresponding experiments, Tables I and II. By doing so 
the estimated cell cycle time in 8 1 was 56 hI' as shown in Table 
IV and in NI it was 41 hr. If the entry into the S-phase of the 
cell cycle is assumed continuous and linear with time the 2 
values for NJ in Table II gives a 37% entry per day . If the 
growth fraction in this experiment is 0.67 this would correspond 
to a cell cycle time of 39 hr (24 x In 1.67 -7- In 1.37) which is 
near to that obtained above. 
It may be concluded from these data that the Day 0 stripped 
skin in explant culture shows a normal growth fraction of 
proliferating cells which probably have a longer mean cell cycle 
time than cells derived from nonstripped control skin. Variation 
in growth of explant cultures in different experiment using 
control skin (N 2, N a) was mainly due to vru'iation in mean cell 
cycle time. 
Proliferation and Migration 
The data presented in Table IV indicate that migrated cells 
diluted the proliferative pool during the fU'st growth phase. An 
analysis is provided which indicates that the fraction of mi-
grated cells in group 8 1 is 0.62. The ratio of the 2 growth rate 
of proliferation k" and k2 was 1.17. This would suggest that the 
growth rate k2 of the second gl'Owth phase may be used to 
subtract the proliferating portion from total cell popUlation in 
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T ABLE III. Summary of measurements of mitoses presen.t in part of the explan.t cultures in group 8." e.1;periment C, Table II" 
Number of counled cells Indices (mean ± SEM, %) 
Incubation (h) with colchicine No. 
Total Mi toses Labeled mitoses Milotic index Labeled mi toses 
2 7 41068 513 20 1.26 ± 0.22 4.4 ± 2.3 
3 6 44996 1054 271 2.39 ± 0.27 26.0 ± 2.3 
4 5 30195 1071 413 3.49 ± 0.19 37.5 ± 3.8 
" 3H-thymidine labelling was 1 hI' followed by colchicine incubations as indicated. 
TABLE IV. Estim ation of growth parameters from Table II (stripped In n 
shin) 
Growth fraction (experiment B,C) 
mean: 
Weigh e d growth rate", second phase, 
S,. 
Cycle time (hr), tc = 24 x In a/h2 
Growth [Taction, S,: 
Correction for migrated noncycling 
cells: 
Growth rate due to proliferation, first 
phase: 
hI' = t e- 'ln(l + fm(ao - 1» ... 
Number of cells at time, ti (day 4): 
Number of cells at time, ti- ' (day 3): 
Number of migrated cells at time ti: 
mi = exp(ln ni - h,,(ti - ti- ,») - ni- ' ... 
fm = ni/ (ni - mil ... 
Expected growth fraction, first phase: 
Values inserted and eqs. 1-3 solved, gives 
kp : 
fnl : 
a, - 1: 
Vulue 
0.457 
0.162 
55.8 
0.336 
en.77!) = 879 
er.· ,,,," = 386 
f", ·0.336 
0.188 
1.637 
0.550 
Cumulative number of migrated/total 
cells at day 4: 
541/ 879 = 0.62 
Ratio h,)/h2 : 
Correction of labeling index (1 hr) , 
Table II: 
1.17 
13.7 ± 1.2 
Symbol 
(a - 1) 
(h2 ) 
(te ) 
(ao - 1) 
(f",) 
(h,,) 
eq. 1. 
(ni ) 
(n i- ,) 
(m.,) 
eq.2. 
eq.3. 
(a, - 1) 
(f", x LI) 
" Growth rate, from Table I, experiment 6, given as increase in the 
natural logarithm of cell number per day. 
order to estimate migration. The corresponding values for N, 
were 0.27 and 1.56, respectively. This indicates that the estimate 
of migration using k2 can be regarded as an upper limit. 
If we deduct the proliferating cells from the total in a t ime 
interval as formalized in eq. 2 of Table IV this indicates that all 
new cells in the interval had been included in the growth 
fraction and the noncycling portion of the addition exempted 
as migratory cells. No study was done to r ecord when a migra-
tory cell divided at the first time after leaving the explant. An 
eXaIIlple using the proposed estimation of migration is shown 
in Fig 4. When stripping was done 1 to 4 days in adva nce to 
cutting the skin a nd pla ting migration was the same in the 
stripped and control cultures. Enhanced migration was found 
only in the Day 0 cultures (Fig 4) . 
The Sand G2 phase duration in the control material N2 was 
35 hr and 2.5 ill, respectively, taken from our previous paper 
[14]. It was suggested that the long S phase was due to a 
discontinous uptake of the label in incubations shorter than 2 
hr. Since the present material was based ori Ih incubations with 
3H-thymidine the corresponding values for the S phase period 
are given as well. Then in N2 it was 23h using the labeling index 
of Table II and corrected for a synchronous cohort of cells 
(17%) in this experiment. The S phase estimated for S, was 15 
hr and for S3 16 hr. 
T h e G2 period in Sa cannot be defiriitely determined. It is 4 
hr if one assumes the same peak height of labeled mitosis curve 
in 8 3 as was observed in Nz. 
DISCUSSION 
Our aim was to delineate an experimental model of psoriasis 
emphasizing hyperproliferation as induced in the stripped skin. 
CONTROL 
o 
o 
o 
8.0 
/ 00 Q 
/ 0 
o 
o 
PRDLIFERAJION 
7.0 
6 .0 
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5 10 days 
FIG 4. Growth of explant cultures with estimated migration indi-
cated during the first phase of growth. The second growth rate was 
assumed to be the same in both phases of growth . Control refers to 
nonstripped skin from which 10 cul tures were obtained. Stripping was 
performed just prior to plating of8 cul tures (DO) . Means are indicated. 
The medium was the same as of Fig 3. 
The hyperproliferative peak after stripping occurs on day 2 and 
3 after stripping [18, 19]. We can show t hat the migration was 
present during early outgrowth and leveling off after 4-5 days, 
Fig 4. The peak flow of cells out from the explant then seems 
to correspond to the peak of mitotic activity within the explant 
as was observed by Reaven and Cox among others [20). How-
ever, the results of our study show that hyperproliferatio n was 
not transferred in. vitro into the outgrowing cell population. 
The result fo und was a longer cell cycle time in the Day 0 
material which was provided immediately after stripping. Since 
the second growth phase was similar in the Day 2 and 3 
materials to that of Day 0 it seems probable that there is a 
longer cell cycle t ime in these cultUl'es as well. The trauma of 
stripping may be a reasonable cause for this prolongation. It 
can also be stated that serum factors could not be varied to 
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support an expected hyperproliferation of the outgrowing cell 
population. 
Our results t hus face us with a conflicting situation. Why is 
cell proliferation promoted by stripping as long as cells stay 
within the explant and not when they have moved out on the 
surrounding glass? One reason may be that a proliferative 
activity is produced by cells i.n the explant which are not 
supported in our in vitro system. Especially factors from the 
inflammatory cell infiltrate underneath the epidermis may be 
suspected to be important. Leukocytes do poorly in our system 
[13]. These cells have been implicated recently to activate 
epidermal proliferation in several situations including in pso-
riasis [21-23]. This may be one reason for the reversal of 
psoriatic criteria to normality in explanted psoriatic skin in 
organ cultures [24]. 
A cautinary note has to be made on the incompleteness of 
our experimental material. It was not possible at this time to 
make one series of cultures evaluating the growth fractions at 
different times during phase one and phase two growth. It was 
concluded as possibly true from this study that the growth rate 
of proliferation decreases during phase one and stabilizes for a 
longer period, a week at least, during phase 2. Since the growth 
rate measures both growth fraction and cell cycle time, see 
Table IV, both may change during prolonged incubation. The 
base for the estimation of the growth fraction also implies a 
stable association between the proliferative and the postmitotic 
cell pool. A large escape of labeled cells out of the cycling pool 
will give rise to an erroneously too large growth fraction . The 
differentiation of cells within the cycle from cells in Go is not 
possible on morphological grounds. The estimate done here of 
the total cell pool clearly may include a n'action of postmitotic 
cells still not differentiated enough to be excluded during count-
ing. The main advantage of our system is its simplicity which 
makes it a valuable tool to be used as a model although its 
limitations must be kept in mind. 
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